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In recent years, the gradual deterioration of global ecological environment, 
resources crisis and environmental problems have become one of the most important 
barrier to threaten the human survival and restrict the economic development, have 
been widely concerned by the international society. In order to solve complex 
problems concerning resources, environment and economic development, we must 
change original production modes，redesign the product and reduce damage of 
environment in the production and using process. Therefore on the basis of traditional 
product design, sustainable product design and management begin emerging. 
Sustainable product design takes the economics, environmental and social impact into 
account, which makes it much more complex than traditional product design. 
Nowdays, the research on sustainable product design is still quite few.  
This research attempts to integrate environmental consideration fully into the 
traditional product design and explores about sustainable product design problems 
with considering carbon emission restriction on the review of correlative theories. 
This paper uses mixed integer linear programming, robust optimization, game theory, 
qualitative and quantitative analysis method combined to design sustainable product 
from the perspective of supplier involvement, retailer cost sharing and supply chain 
network. On one hand, this can improve the sustainability of product, reduce the 
impact of product production and using on the environment, on the other hand, also 
can maximize profit of the corporation, find an optimal balance point between the 
environment and profit, achieve dual goal of economic and environmental. The 
conclusions enrich the content of sustainable product design, provide decision support 
to choose the right sustainable product design strategy for enterprises, provide 
theoretical basis to make reasonable policy for government. 
Innovations of this research are briefly summarized as followed: 
 (1) The impact of carbon emission on the price of product is integrated in the 














 Currently the research on carbon emission is rich, but the research about the 
impact of carbon emission on the price and demand is relatively few, so the impact of 
carbon emission on the low carbon emission product design is fully considered in this 
paper, so this research analyzes the impact of carbon emission on the sustainable 
product design from the perspective of supplier involvement, retailer cost sharing and 
supply chain network. 
  (2) Carbon emission sensitivity is considered in the sustainable product design 
  With the development of low-carbon economy, consumer awareness of 
low-carbon is growing, customer value will be affected by the carbon emission of 
products. Previous research mainly focus on the impact of consumer behavior on total 
carbon emission, the factors which may influence low-carbon consumption of 
customer, and how to develop low-carbon consumption, but the impact of carbon 
emission sensitivity on the price and demand of product is not considered, so this 
paper integrate the carbon emission sensitivity to the demand function, and analyze 
the impact of carbon emission sensitivity on the decisions of each member of the 
supply chain. 
  (3) This research analyzes the factors which may influence the sustainable 
product design in the supply chain. 
  The supplier involvement, retailer cost sharing and the supply chain network are 
the main factors influence the sustainable product design in the supply chain. So we 
design the sustainable product from the perspective of supplier involvement, retailer 
cost sharing and supply chain network, and we can get the optimal design of 
sustainable product, and also analyze how to adjust the sustainable product design 
timely according the change of supplier involvement, retailer cost sharing and supply 
chain network. 
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